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X L I .  On tile Action of  the Raps of  the Solar Spectrum on 
Vegetable Colours, and on some new Photographic Processes. 
By Sir JoH~ F. W .  HERSCHEL, Bart., K.tY., F.B.S. 

[Continued from p. 180, and eoneluded.] 

Postscript added August 29, 1842. 

217. I G L A D L Y  avail myself of the permission accorded by 
the President and Council to append to this communi- 

cation, in the form of a Postseript, some additional facts illus- 
trative of the singular properties of iron as a photographic in- 
gredient, which have been partially developed in the latter arti- 
cles of it, as well as an account of some highly interesting pho- 
tographic processes dependent on those properties, which the 
superb weather we have lately enjoyed has enabled me to dis- 
cover, as also to describe a better method of fixing the picture, 
in the process to which I have given the name of Chrgsotppe ; 
that described in Art. 212 proving insufficient. The new 
method (in which the hydriodate is substituted for the hydro- 
bromate of potash) proves perfectly effectual ; pictures fixed 
by it not having suffered in the smallest degree, either from 
long exposure to sunshine, or from keeping; alone, or in con- 
tact with other papers. I t  is as follows :--As soon as the pie- 
ture is satisfactorily brought out by the auriferous liquid 
(Art. 212.) it is to be rinsed in spring water, which must be 
three times renewed, letting it remain in the third water five 
or ten minutes. I t  is then to be blotted off and dried, after 
which it is to be washed on both sides with a somewhat weak 
solution of hydriodate of potash. I f  there be any free ehlo- 
ride of gold present in the pores of the paper, it will be dis- 
eoloured, the lights passing to a ruddy brown; but they 
speedily whiten again spontaneously, or at all events, on throw- 
ing it (after lying a minute or two) into fresh water, in which, 
being again rinsed and dried, it is now perfectly fixed. 

218. I f  paper prepared as above recommended for the ehry- 
sotype, either with the ammonio-eitrate or ammonio-tartrate of 
iron, and impressed, as in  that process, with a latent picture, 
be washed with nitrate of silver instead of a solution of gold, a 
very sharp and beautiful picture is developed, of great intensity. 
Its diselosure is not instantaneous ; a few moments elapse with- 
out apparent effect ; the dark shades are then first touched in, 
and by degrees the details appear, but much more slowly than 
inthe ease of gold. In two or three minutes, however, the 
maximum of distinctness will not fail to be attained. The 
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Action o f  the Solar Spectrum on Vegelable Colours. 2~ 7 

picture may be fixed by the hyposulphite of soda, which alone, 
I believe, can be fully depended on for fixing argentine pho- 
tographs. 

219. CganotgTe.--Ifa nomenclature of this kind be admitted 
(and it has some recommendations), the whole class of pro- 
cesses in which cyanogen in its combinations with iron per- 
forms a leading part, and in.which the resulting pictures are 
blue, may be designated by this epithet. The varieties ofcy- 
anotype processes seem to be innumerable, but that which 
i shall now describe deserves particular notice, not only for 
its pre-eminent beauty while in progress, but as illustrating 
the peculiar power of the ammoniacal and other persalts of 
iron above mentioned to receive a latent picture, susceptible 
of development by a great variety of stimuli. This process 
consists in simply passing over the ammonio-citrated paper 
on which such a latent picture has been impressed, ~er 9 
sTaringly and evenlg, a wash of the" solution of the common 
yellow ferrocyanate (prussiate) of potash *. The latent pic- 
ture, if not so faint as to be quite invisible (and for this pur- 
pose it should not be so), is negative. As soon as the liquid 
is applied, which cannot be in too thin a film, the negative 
picture vanishes, and by very slow degrees is replaced by a 
positive one of a violet-blue colour on a greenish yellow 
ground, which at a certain moment possesses a high degree 
of sharpness and singular beauty and delicacy of tint. I f  at 
this instant it be thrown into water, it passes immediately to 
Prussian blue, losing at the same time, however, much of its 
sharpness, and sometimes indeed becoming quite blotty and 
confused. But if this be delayed, the picture, after attaining 
a certain maximum of distinctness~ grows rapidly confused~ 
especially if the quantity of liquid applied be more than the 
paper can easily and completely absorb, or if the brush in 
applying it be allowed to rest on, or be passed twice over 
any part. The  effect then becomes that of a coarse and ill- 
printed wood-cut, all the strong shades being run together, 
and a total absence prevailing of half lights. 

220. To prevent this confusion, gum-arabic may be added 

Vulgarly, and in my opinion very conveniently and correctly s o  called, 
according to the true intent and meaning of Scheele. Trivial names for 
common objects are to be maintained and defended on principles far more 
general than systematic nomenclature. For this reason I trust never to 
see the name muriatic give way to hydrochloric, or nitric thrust aside for 
azotie acid. The prussic acid is that acid, whatever it be, which, united 
with oxide of iron as a base, forms Prussian blue, from which remarkable 
compound the whole history of cyanogen originated. The now ascertained 
existence of another ferrocyanate makes this recurrence to a trivial name 
for the vulgar one more necessary. 
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248 Sir J. F. ~V. Herschel on the Action of the Rags 

to the prussiated solution, by which it is hindered fi'om spread- 
ing unmanageably within the pores of the paper, and the pre- 
cipitated Prussian blue allowed time to agglomerate and fix 
itself on the fibres. By the use of this ingredient also, a much 
thinner and more equable film may be spread over the sur- 
face ; and when Terfectly dr?j, if not sufficiently developed, the 
application may be repeated. By operating thus I have oc- 
casionally (though rarely) succeeded in producing pictures of 
great beauty and richness of effect, which they retain (if not 
thrown into water) between the leaves of a portfolio, and have 
even a certain degree of fixity--fading in a strong light and 
recovering their tone in the dark. The  manipulations of this 
process are, however, delicate, and complete success is com- 
paratively rare. 

221. I f  sulphocyanate of potash be added to the ammonio- 
citrate or ammonio-tartrate of iron, the peculiar red colour 
which that test induces on persalts of the metal is not pro-  
duced, but appears at once on adding a drop or two of dilute 
sulphuric or nitric acid. This circumstance, joined to the 
perfect neutrality of these salts, and their power, in such 
neutral solution, of enduring, undecomposed, a boiling heat, 
contrary to the usual habitudes of the peroxide of iron 2, 
together with their singular transtbrmation by the action of 
light to proto-salts, in apparent opposition to a very strong 
affinity, has, I confess, inclined me to speculate on the possi- 
bility of their ferruginous base existing in them, not in the or- 
dinary form of peroxide, but  in one isomeric with it. The  
non-formation of Prussian blue, when their solutions are mixed 
with prussiate of potash (Art. ~09), and the formation in its 
place of a deep violet-coloured liquid of  singular instability 
under the action of light, seems to f~vour this idea. Nor is 
it altogether impossible that the peculiar " p r e p a r e d "  state 
superficially assumed by iron under the influence of nitric 
acid, first noticed by Keir, and since made the subject of ex- 
periment by M. SchiJnbein and myselft,  may depend on a 
change superficially operated on the iron itself into a new me- 
tallic body isomeric with iron, unoxidable by nitric acid, and 
which may be considered as the radical of that peroxide 
which exists in the salts in question, and possibly also of  an 
isomeric protoxide. A combination of the common protoxide 
with the isomeric peroxide, rather than with the same metal 
in a simply h!gher stage of oxidation, would afford a not un- 

* See my paper on this subject in Philosophical Transactions, cxi. p. 293, 
lor Phil. Mag., S. 1. vol. lix. p. 86.--EnIT.J. 

"I" See Annales ¢le Chimie, t o m .  liv. p. 87~ [or Phil. Mag., S. 3. vol. xi. 
p. 3$9.--EmT.]. 
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of  the Solar SFectrum on Vegetable Colours, 249 

plausible notion of the chemical nature of that peculiar inter- 
mediate oxide to which the name o f "  Ferroso-t~rrie" has been 
given by Berzelius, I f  (to render my meaning more clear) we 
for a moment consent to designate such an isomeric form of 
iron by the name siderium, the oxide in question might be 
regarded as a sideriate of iron. Both phosphorus and arsenic 
(bodies remarkable for sesqui-combinations) admit isomeric 
forms in their oxides and acids 4. But to return from this 
digression, 

222. I f  to a mixture of ammonio-citrate of iron and sul- 
phocyanate of potash a small dose of nitric acid'be added, the 
resulting red liquid spread on paper spontaneously whitens in 
the dark. I f  more acid be added till the point is attained when 
the discoloration begins to relax, and the paper when dry re- 
tains a considerable degree of colour, it is powerfully affected 
by light, and receives a positive picture with great rapidity, 
which, like the guaiacum impression noticed in Art. 154, ap- 
pears at the back of the paper with even more distinctness than 
on its face. The impression, however, is pallid ; fades on keep- 
ing, nor am I acquainted at present with any mode of fixing it. 

223. I f  paper be washed with a mixture of the solutions of 
ammonio-citrate of iron and ferrosesquicyanate of potash, so 
as to contain the two salts in about equal proportions, and 
being then impressed with a picture, be thrown into water 
and dried, a negative blue picture will be produced agreeably 
to what is stated in Art. 154. This picture I have tbund to 
be susceptible of a very curious transformation, preceded by 
total obliteration. To effect this it must be washed with so- 
lution of proto-nitrate of mercury, which in a little time en- 
tirely discharges it. The nitrate being thoroughly washed 
out and the picture dried, a smooth iron is to be passed over 
it, somewhat hotter than is used for ironing linen, but not 
sufficiently so to scorch or injure the paper. The obliterated 
i~icture immediately reappears, not blue, but brown. If  kept 
for some weeks in this state between the leaves of a portfolio, 
in complete darkness, it fades, and at length almost entirely 
disappears. But what is very singular, a fresh application 
of the heat revives and restores it to its full intensity. 

224. This curious transformation is instructive in another 
way. I t  is not operated by light, at least not by light alone. 
,4 certain temperature must be attained, and that temperature 
suffices in total darkness. Nevertheless, I find that on ex- 
posing to a very concentrated Spectrum (collected by a lens 

The latter from the late experiments and remarks of Rose on the vi- 
treous state of the arsenious acid and its luminosity in crystallizing flora 
acid solutions. [See Phil. Mag., S. 3. •ol. vfi. p. 534.--EmT.] 
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250 Sir J. 17. W.  Herschel on the Action of the Rays 

of short focus) a slip of paper duly prepared as above (that is 
to say, by washing with the mixed solutions, exposure to sun- 
shine, washing, and discharging the uniform blue colour so 
induced as in the last article), its whiteness is changed to 
brown over the whole region of the red and orange rays, but 
not begond the luminous spectrum. Three conclusions seem 
unavoidable;--lst, that it is the heat of these rays, not their 
light, which operates the change; 2ndly, that this heat pos- 
sesses a peculiar chemical quality which is not possessed by 
the purely calorific rays outside of the visible spectrum, though 
far more intense ; and, 3rdly, that the heat radiated from ob- 
scurely hot iron, abounds especially in rays analogous to those 
of the region of the spectrum above indicated. And there are 
the very same conclusions derived from the experiments on 
guaiacum in Art. 158--160. 

225. Whatever be the state of the iron in the double salts 
in question, its reduction byblue light to the sttite ofprotoxide 
is indicated by many other reagents. If, for example, a slip 
of paper, prepared with tile ammonio-citrate and partially 
sunned, be washed, when withdrawn, with bichromate of 
potash, the bichromate is deoxidized and precipitated on the 
sunned portion, just as it would be if directly exposed to the 
sun's rays. Every reagent in short which is susceptible of being 
deoxidated, wholly or in part, by contact with the protoxide 
of iron, is so also by contact with the sunned paper. Taking 
advantage of this property, I have been enabled to add another 
and very powerful element to the list of photographic ingre- 
dients. 

226. Pholographic Properties of Mercurg.--This element 
is mercury. As an agent in the Daguerreotype process, it is 
not, strictly speaking, photographically affected. It operates 
there only in virtue of its readiness to amalgamate with silver, 
properly prepared to receive it. That it possesses direct pho- 
tographic susceptibility, however, in a very eminent degree, 
is proved by the tbllowing experiment. Let a paper be washed 
over with a weak solution of periodide of iron, and when dry 
with a solution of proto-nitrate of mercury. A bright yellow 
paper is produced, which (if the right strength of the liquids 
be hit) is exceedingly sensitive while wet, darkening to a brown 
colour in a very few seconds in the sunshine. Withdrawn, 
the impression fades rapidly, and the paper in a few hours 
recovers its original colour. In operating this change of co- 
lour the whole spectrum is effective, with the exception of the 
thermic rays beyond the red. 

227. Proto-nitrate of mercury simply washed over paper is 
slowly and feebly blackened by exposure to sunshine. And 
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of  the 8olaf Spectrum on Vegetable Colours. 251 

if paper be impregnated with the ammonio-citrate, already 
so often mentioned, partially sunned, and then washed with 
the proto-nitrate, a reduction of the latter salt, and conse- 
quently blackening of  the paper, takes place very slowly in the 
dark over the sunned portion, to nearly the same amount as 
in the direct action of the light on the simply nitrated paper. 

228. But  if the mercurial salt he subjected to the action 
of light in contact with the ammonio-citrate, or tartrate, the 
effect is far more powerful. Considering, at present, only the 
citric double-salt, a paper prepared by washing first with that 
salt and then with the mercurial proto-nitrate (drying be- 
tween) is endowed with considerable sensibility, and darkness 
to a very deep brown, nay to complete blackness, on a mo- 
derate exposure to good sun. Very sharp and intense photo- 
graphs of a negative character may be thus taken. They  are 
however difficult t o f x .  The  only method which I have fbund 
at all to succeed, has been by washing them with bichromate 
of potash and soaking them for twenty-four hours in water, 
which dissolves out the chromate of mercury for the most part, 
leaving however a yellow tint on tile ground, which resists 
obstinately. But though pretty effectually fixed in this way 
against light, they are not so against time, as they fade consi- 
derably on keepin . 

229. W h e n  th~gproto-nitrate of mercury is mixed, in solu- 
tion, with either of the ammoniacal double salts, it forms a 
precipitate, which, worked up with a brush to the consistency 
of cream, is easily (and with certain precautions of manipula- 
tion ~) very evenly spread on paper, producing photographic 
tablets of every variety of sensibility and inertness, according 
to the proportion of the doses used. By combining all three 
of the ingredients, and adding a small quantity of tartaric 
acid t ,  a paper is produced of  a pretty high degree of  sensi- 
bility (more than by the use of either separately), which in 
about half an hour or an hour, according to the sun, affords 
pictures of  such force and depth of colour, such velvety rich- 
ness of material, and such perfection of detail and preserva- 
tion of  the relative intensities of the light, as infinitely to sur- 

* The cream should be spread as rapidly as possible over the whole 
paper, well worked in, cleared off as much as possible, and finished with a 
brush nearly dry, spread out broad and pressed to a straight thin edge, which 
must be drawn as lightly and evenly as possible over every part ofi~he paper 
till the surface appears free from every streak, and barely moist. 

"]" One measure of a solution of ammonio-citrate, and one of a solution 
of ammonio-tartrate of iron, containing, each, one-tenth of its weight of 
the respective salts. Tartaric acid, saturated solution, one-eighth of the 
joint volumes of the other solutions. Form a cream by pouring in as rapidly 
as possible one measure of a saturatod solution of the proto-nitrate and 
well mixing with a brush. 
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252 Prof. Young's New Criteria for 

pass any photographic production I have yet seen, and which 
indeed it seems impossible to go beyond. Most unfortunately, 
they cannot be preserved. Every attempt to fix them has 
resulted in the destruction of their beauty and force ; and even 
when kept from light, they fade with more or less rapidity, some 
disappearing almost entirely in three or four days, while others 
have resisted tolerably weI1 for a fortnight, or even a month. 
It  is to an over-dose of tartaric acid that their more rapid 
deterioration seems to be due, and of course it is important to 
keep down the proportion of this ingredient as low as possible. 
But without it I have never succeeded in producing that pe- 
culiar velvety aspect on which the charm of these pictures 
chiefly depends, nor anything like the same intensity of colour 
without over-sunning. 

230. I might here describe many other curious and inter- 
esting photographic results to which, under the genial in- 
fluence of such a summer as, possibly, has never before been 
witnessed in, England, I have been conducted. But in so 
doing I should surpass the reasonable bounds of a Postscript 
illustrative of my text, and abuse the privilege accorded me. 
Yet I cannot forbear noticing one at least, in which a line or 
dot engraving of any degree of delicacy is imitated, line for 
line, and dot for dot, in a manner which might deceive any but 
a practised artist to the point of rendering him unable to de- 
clare that the photograph had not been struck off from the 
'original plate with commola printing ink, by the ordinary pro- 
cess of copper-plate printing. The details of this process, 
which are delicate and somewhat tedious, cannot properly be 
stated here; if for no other reason, because ~[ have not yet 
obtained a complete command over the result: but a micro- 
scopic examination of the specimens placed in the hands of 
our worthy Secretary, though somewhat marred by the acci- 
dents of manipulation, will I think suffice to justify the terms 
employed above. 

XLI I .  New Criteria for the Imaginary Roots of Equations. 
By J. R. YocN%/~s~., Professor of Mathematics in Belfast 
College. 

[Continued fi'om p. 188 and concluded.] 

I T is easy to see that the foregoing criteria furnish the rules 
proposed by Newton, in the Universal Arithmetic, for 

detecting imaginary roots in an equation. These rules have 
not, I believe, as yet been demonstrated ; although, on account 
of their obvious utility and ready application, a rigorous proof 
of their truth has frequently been sought, The earliest dis- 
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